Abstract. In [4], Tȃrnȃuceanu described the finite groups G having exactly |G| − 1 cyclic subgroups. In [1], the authors used elementary methods to completely characterize those finite groups G having exactly |G| − ∆ cyclic subgroups for ∆ = 2, 3, 4 and 5. In this paper, we prove that for any ∆ > 0 if G has exactly |G| − ∆ cyclic subgroups, then |G| ≤ 8∆ and therefore the number of such G is finite. We then use the computer program GAP to find all G with exactly |G| − ∆ cyclic subgroups for ∆ = 1, . . . , 32.
Introduction
Throughout this paper, a cyclic group of order n is denoted C n and the dihedral group of order 2n is denoted D 2n . In [4] , Marius Tȃrnȃuceanu proved the following theorem.
Theorem 1 (Tȃrnȃuceanu) . A finite group G has exactly |G|−1 cyclic subgroups if and only if G is one of the following groups: C 3 , C 4 , S 3 , or D 8 .
Let G be a finite group, and let C(G) denote the poset of cyclic subgroups of G. We define ∆(G), or just ∆ if the group is understood, to be the difference between the order of G and the number of cyclic subgroups of G:
∆(G) = |G| − |C(G)|. It is known that ∆ = 0 if and only if G is an elementary abelian 2-group, i.e., G = C n 2 for some n. In [4] where Tȃrnȃuceanu described all groups satisfying ∆ = 1, he also posed the following natural open problem.
Problem. Describe the finite groups G having |G| − ∆ cyclic subgroups, where 2 ≤ ∆ ≤ |G| − 1.
In [1] we determined those finite groups for which ∆ = 2, 3, 4, and 5. In this paper we will show that |G| ≤ 8∆(G) and use this bound and a GAP program to find all G such that ∆(G) = 1, . . . 32.
Main Result
Let G be a finite group. Denote by C(G) the poset of cyclic subgroups of G, and let ∆(G) = |G| − |C(G)|. For any positive integer d, let n d = |{H ∈ C(G) : |H| = d}| be the number of cyclic subgroups of order d. Since every element of G generates a cyclic subgroup and φ(d) is the number of generators of a cyclic group of order d, it follows that
where i 2 (G) denotes the number of elements of order 2 or less. Now by [3] , if
|G| with equality if and only
Solving the inequality for |G| yields the following result. This gives an alternate proof of Tȃrnȃuceanu's result. If ∆(G) = 1, then |G| ≤ 8 and one only need check the nine groups (up to isomorphism) of order less than 8 [
In the remainder of this paper, we will report on the results of a GAP program that finds all groups of order less than 8δ such that ∆(G) = δ for δ = 1, . . . , 32.
Computer Results
Here we list all groups with difference δ, for δ = 1 to 32. The GAP notation is as follows:
A x B denotes a direct product of a group A by a group B, A:B denotes a split extension of A by B, A.B denotes just an extension of A by B (split or nonsplit). For each group, we list both GAP's StructureDescription and GroupID, in the form StructureDescription = GroupID For example, the line below that reads 3] means that the dihedral group of order 8 is the third group of order 8 in GAP's SmallGroups library. 
